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对虾白斑综合症病毒（white spot syndrome virus，WSSV）是一种危害对虾养殖
的 主要病原，其致病力强，宿主范围广，给世界水产养殖业造成了巨大的损失，目
前还未找到有效的防治方法。自从 1998 年美国科学家 Craig Mello 和 Andrew Fire 首
次在线虫中发现有 RNA 干扰（RNA interference，RNAi）现象以来，已经发现很多非
编码小分子 RNA 在参与真核生物抗病毒中发挥着重要的作用。研究表明，RNAi 是动
物抵抗 RNA 病毒侵染的一种重要方式，但是对于动物是否可采取 RNAi 方式抵抗
DNA 病毒的侵染，至今尚不清楚。因此，本论文研究对虾 DNA 病毒 WSSV 感染对
虾后是否诱导宿主通过 RNAi 途径进行抗病毒，从而揭示 RNAi 在对虾抵抗 DNA 病
毒侵染中的作用，同时为对虾病害的防治提供基础。 
根据我们实验室以往的研究发现，人工合成的 vp28-siRNA，能够很好地抑制
WSSV 在对虾中的感染。本研究中，我们利用抗病毒的 vp28-siRNA 作为探针进行
northern blot 分析，结果表明在 WSSV 感染 48h 后的对虾类淋巴器官中有阳性信号，
但没有检测到 microRNA 的前体，因此该小 RNA 是一种 siRNA；将该 siRNA 克隆后
测序，结果显示为 vp28-siRNA。采用 WSSV 感染对虾，感染后不同时间检测
vp28-siRNA，结果表明病毒感染后 24h，在对虾类淋巴器官、血淋巴、腮、心脏和胃
中均能检测到 vp28-siRNA，而在未感染 WSSV 的对虾的各个组织中均检测不到。为
了研究 vp28-siRNA 的产生途径，我们克隆了 Drosha、Dicer 1 和 Argonaute 1 等基因，
利用 RNAi 分别沉默这三个基因的表达，结果发现 vp28-siRNA 的表达不受影响，说
明 vp28-siRNA 可能通过其他途径如 Dicer 2 和 Argonaute 2 产生。因此，我们的研究
表明，动物不仅可通过 siRNA 抵抗 RNA 病毒的侵染，同样可通过 siRNA 抵抗 DNA
病毒的感染。 
为了研究 Ago 1 和 Dicer 1 在对虾抗病毒中的作用，我们将 Ago 1 和 Dicer 1 在大
肠杆菌中重组表达，纯化得到的融合蛋白用于制备多克隆抗体。RT-PCR 结果显示，
Ago1 基因在对虾各组织中均有表达，定量 RT-PCR 结果表明 WSSV 感染对虾后 Ago1
显著上调表达，说明 Ago1 与 WSSV 病毒侵染有关。为了研究 Ago1 蛋白在对虾抵抗
WSSV 中所发挥的作用，我们采用 RNAi 沉默 Ago1 基因的表达，结果表明当 Ago1
基因的表达受到抑制时，WSSV 拷贝数显著上升，说明 Ago1 在对虾抵抗病毒侵染中
发挥重要作用。对 Dicer 1 的分析表明，Dicer 1 基因在对虾各组织中均有表达，在血
















Dicer 1 的表达水平增加了 2-3 倍，但在感染后 48h 及以后表现为下调趋势。RNAi 试
验表明，Dicer 1 的表达受到抑制时，对 WSSV 的感染没有影响。因此，Dicer 1 在对
虾抵抗 WSSV 侵染中，可能不十分重要。 
 










































White spot syndrome virus (WSSV) is one of the most devastating pathogens for 
shrimp-farming, becouse of its high virulence and extensive host range, and caused 
tremendous economic loss. Since American scientists Craig Mello and Andrew Fire firstly 
found the phenomenon of RNA interference (RNAi) in worm in 1998, many small RNAs 
have been found participating in anti-viruses. Many studies indicate that RNAi play 
important roles in animals against RNA virus infection. However it is unknown whether 
RNAi can function in animals against DNA virus infection. Therefore in this study the role 
of RNAi in shrimp against WSSV, a DNA virus, was characterized to reveal the mechanism 
of RNAi in shrimp against DNA virus infection. Our study would provide the basis for 
virus control in shrimp. 
In our previous study, it was found that the synthetic vp28-siRNA could delete the WSSV 
in WSSV-infected shrimp. In this study, the vp28-siRNA was used as probe in Northern blot. 
The results showed that positive signals were observed in the lymphoid organ of WSSV- 
infected shrimp at 48h postinfection, while no precursor of miRNA was detected, suggesting 
that it was a siRNA. The siRNA was confirmed to be vp28-siRNA by small RNA cloning 
and sequencing. At various time postinfection with WSSV, the shrimp was subjected to 
vp28-siRNA detection. The results showed that the vp28-siRNA was detected in lymphoid 
organ, hemolymph, gill, heart and stomach of shrimp at 24 h postinfection. However the 
vp28-siRNA was not detected in any tissue of virus-free shrimp. To reveal the pathway for 
vp28-siRNA production，Drosha, Dicer 1 and Argonaute 1 were cloned. RNAi assays 
indicated that respective silencing of the three genes did not take effect on the expression of 
vp28-siRNA, indicating that the production of vp28- siRNA might be to other genes such as 
Dicer 2 and Argonaute 2. Therefore our study demonstrated that siRNA could function in 
animals not only against RNA virus infection, but also against DNA virus infection. 
To reveal the effects of Ago1 and Dicer 1 in shrimp against virus infection, the two genes 
were cloned into pGEX-4T-2 for recombinant expression in Escherichia coli. The 
recombinant GST- Ago1 were purified for polycolony antibody preparation. The results by 
RT-PCR showed that the Ago1 could be detected in all tissues. Quantitative RT-PCR 
















suggesting that it was involved in virus infection. To reveal the role of Ago1, the Ago 1 was 
silenced by specific siRNA. The results showed that when the silencing of Ago1 led to the 
significant increase of WSSV copies in shrimp, indicating that Ago 1 played very important 
roles in shrimp against virus infection. It was found Dicer 1 existed in all tissues of shrimp. 
The expression of Dicer 1 was increased to 2-3 times after WSSV challenge. However it was 
decreased at 48 h postinfection. The results by RNAi showed that the silencing of Dicer 1 
took no effect on virus infection, suggesting that Dicer 1 was not important in the antiviral 
immunity of shrimp 
  




















































































1.2 RNA 干扰及非编码小 RNA 







































1.2.2.1 内源性或外源性 siRNA 
siRNA是 早发现的小分子干扰性RNA ,它的前体主要来源于长片段的dsRNA，其
中外源性siRNA前体包括RNA病毒产生的或外源注射的长片段dsRNA,而内源性的
siRNA (endogenous RNA，endo-siRNA)的前体包括长片段发夹结构的RNA （hairpin RNA, 





于天然反义转录产物的siRNA（nature antisensetranscript derived siRNA,natsiRNA）及重
复相关 siRNA (repeat-associated siRNA,rasiRNA)。在拥有依赖RNA的RNA聚合酶
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